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(57) ABSTRACT

An engine control, and in particular a method for controlling
an engine including a low-pressure exhaust gas recycling
loop. The method adjusts a predetermined engine operating
parameter by controlling the position of an exhaust gas recy-
cling valve, which 1s placed 1n the loop, for determining
whether the predetermined measured quantity of the valve
respects a predetermined criteria, and controls the position of
an exhaust shutter, which 1s arranged outside the loop, when
the quantity does not respect the critena.

10 Claims, 2 Drawing Sheets
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METHOD FOR CONTROLLING AN ENGINE
PROVIDED WITH AN EXHAUST GAS
RECYCLING LOOP

The invention relates to a method for controlling an engine
ol a vehicle, especially a motor vehicle.

In particular, the invention relates to a method applied to an
engine provided with an exhaust gas recirculation system
and, yet more particularly, provided with a recirculation loop
of the low-pressure type.

An engine of this type 1s already known.

It typically comprises an engine block having an exhaust
and intake manifold.

Following the route of the exhaust gases, the exhaust mani-
fold 1s connected to a turbine of a turbocharger.

The gases possess an energy capable of turning the turbine
and a supercharger fixedly connected thereto.

The gases passing through the turbine are evacuated
towards a particulate filter so as there to undergo a treatment
which 1s known per se.

Upon exit from this filter, a part at least of the treated gases
1s recirculated with the aid of the aforesaid loop, whilst the
other part continues 1n an exhaust pipe towards an exhaust
shutter and a silencer.

In the low-pressure recirculation loop, a cooler allows a
temperature of the recirculated gases to be advantageously
lowered.

In addition, a recirculation valve disposed downstream of
the cooler allows the flow of these gases to be controlled.

It will here be noted that this flow 1s likewise controlled by
an 1ntake shutter.

In fact, the latter 1s capable of moditying a pressure differ-
ence of the gases at the boundaries of the valve, which leads
to the flow being modified.

The recirculated gases then emerge in a pipe 1n which air
originating from an air inlet and an air filter circulates.

The thus constituted gas mixture 1s then directed towards
the mtake manifold of the engine, passing through the super-
charger and possibly a supercharging air cooler.

It 1s known that, compared especially to an engine
equipped with a high-pressure recirculation system, such an
engine offers performance which very well satisfies anti-
pollution constraints imposed by, in particular, European
standards.

In particular, 1t 1s known that this type of engine allows
harmiul emissions of nitrogen oxides (Nox) and polluting
particles, such as soot particles, to be reduced still further.

Nevertheless, since their use 1s still recent, control methods
truly suited to this type of engine are not previously known.

In particular, control methods which allow the air flow
and/or the circulation rate to be better regulated as a function
of a working state of the recirculation valve and the exhaust
shutter are not previously known.

One object of the invention 1s therefore to eliminate these
drawbacks.

To this end, a method for controlling an engine provided
with an exhaust gas recirculation loop of the low-pressure
type 1s proposed, characterized 1n that it comprises a step in
which a predetermined working parameter of the engine 1s
regulated by controlling a position of an exhaust gas recircu-
lation valve disposed in the loop 1f the measurement of a
predetermined variable of this valve satisfies a predetermined
criterion, and by controlling a position of an exhaust shutter
disposed outside this loop 11 said measurement fails to satisty
said criterion.

Preferred, but non-limiting aspects of this method are as
follows:
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the predetermined working parameter of the engine 1s an

exhaust gas recirculation rate;

the predetermined parameter 1s an air flow itended to be

mixed with the recirculated gas;

the predetermined variable 1s the position of the valve and

the satisfaction of the criterion consists 1n determining
whether this position 1s less than an estimated threshold
value:

the position of the shutter and of the valve 1s determined by

means of a single regulator, an amplification gain (Kp,
K1) of which 1s automatically chosen as a function of the
result linked to the criterion;

the threshold value 1s estimated from an engine speed and

fuel flow mapper.

Also proposed according to the invention 1s an engine
comprising an exhaust gas recirculation loop of the low-
pressure type, means for regulating a working parameter of
the engine, means for controlling a position of an exhaust gas
recirculation valve disposed outside this loop, and means for
measuring a predetermined variable of the valve, character-
ized 1n that the regulating means are designed to act upon the
means for controlling the position of the valve 1f the measure-
ment of the vanable relating thereto satisfies a predetermined
criterion, and upon the means for controlling the position of
the shutter 11 said measurement fails to meet said criterion.

Preferred but non-limiting aspects of this engine are as
follows:

the predetermined working parameter of the engine 1s an

exhaust gas recirculation rate;

the predetermined parameter 1s an air flow intended to be

mixed with the recirculated gas;

the regulating means comprise a single regulator, an ampli-

fication gain (Kp, K1) of which 1s automatically selected
as a function of the result linked to the criterion.

Other aspects, objects and advantages of the invention will
become more clearly apparent from areading of the following,
description of the invention, drawn up with reference to the
appended drawings, 1n which:

FIG. 1 illustrates, by way of non-limiting example, an
engine capable of implementing the method of the invention,

FIG. 2 1s a simplified diagram of a structure for regulating,
an air flow according to the invention,

FIG. 3 shows a more detailed diagram of aregulator used in
the structure of FIG. 2,

FIG. 4 shows a more detailed diagram of a control signal
separator used 1n the structure of FIG. 2,

FIG. 5 1s a diagram of a non-limiting example of a regu-
lating structure according to the invention.

Referring to FIG. 1, an engine of the invention has been
illustrated.

This engine comprises an engine block 1, an intake mani-
fold 2 and exhaust manifold 3, and a turbocharger 4 made up
of a turbine 41 and a supercharger 42.

Exhaust gases 6, which pass through the turbine 41, are
directed towards a particulate filter 7, a by-pass pipe 8 of
which allows at least a part of these gases to be recirculated
towards the supercharger 42.

In this pipe 8, a cooler 9 and a recirculation valve 10 are
capable of cooling and controlling a flow of these gases,
respectively.

Moreover, this pipe 8 opens out into another pipe 11, 1n
which the air 13 can circulate according to a tlow controlled
upstream by an air intake shutter 14.

It will be noted that this air traditionally originates from an
air filter 15 connected to an air inlet 16.
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The assembly made up of the pipe 8, the particulate filter 7,
the turbocharger and the pipe 11 forms a low-pressure recir-
culation loop 17.

Also upon exit from the particulate filter 7, the exhaust
gases which are not recirculated are evacuated 1n an exhaust
pipe 18 containing an exhaust shutter 19 and a silencer 20.

The exhaust shutter 19, in cooperation with the valve 10,
allows the tlow of the recirculated gases, 1n particular, to be
controlled.

It will here be noted that, as a result of the engine construc-
tion, 1t must be borne 1n mind that regulating this flow auto-
matically amounts to regulating the rate of recirculation of the
exhaust gases, generally referred to as the EGR rate.

In fact, these two variables are directly interconnected.

Finally, the engine illustrated by way of non-limiting
example 1n said FIG. 1 typically comprises an air cooler 21
disposed between the supercharger 42 and the mtake mani-
fold 2.

Referring now to FIG. 2, an air flow regulating structure
has been represented 1n general view.

The structure comprises a regulator 30, which admits as
input a difference between an air flow measurement meas_ atr,
realized by means of a sensor which 1s known per se, and an
air flow set value set_air, worked out upstream of this regu-
lator.

The regulator 1s capable of delivering a control signal
reg_ctrl, which allows the EGR valve 10 and/or the exhaust
shutter 19 to be controlled according to a predetermined
criterion.

According to one aspect of the mvention, the aforesaid
control signal makes 1t possible to control an opening/closing
position of the EGR valve 10 and of the shutter 19.

And the predetermined criterion concerns a working state
of the EGR valve 10.

In particular, according to this aspect, the criterion consists
in determining whether the position of the valve 10 1s capable
of providing a working which 1s deemed satisfactory.

By way of non-limiting example, 1t may be considered that
a more than 60% opening of the EGR valve 10 1s not suitable
for regulating the air flow.

In this case, the method comprises means 50, which act
upon the regulator 30 in order that the regulation 1s provided,
at least substantially, by the exhaust shutter 19, and no longer
by the EGR valve 10.

Thus, the means 50 allow the regulation, and 1n particular
the regulator 30, to be adjusted according to whether the
predetermined criterion is satisfied or not.

As further illustrated in FIG. 2, the means 50 act upon
control signal separator 40.

This separator 40 converts the control signal reg_ ctrl of the
regulator 30 into two control signals 41 and 42.

The signal 41 1s a signal for controlling the position of the
EGR valve 10, whilst the signal 42 1s a signal for controlling
the position of the exhaust shutter 19.

The regulator 30 and the separator 40 will now be
described 1n greater detail.

In this regard, FIG. 3 shows an embodiment of the regulator
30 1n diagrammatic representation.

In this 1nstance, the regulator in question 1s of the propor-
tional-integral type, but the person skilled 1in the art wall
appreciate that other embodiments are clearly possible.

Traditionally, such a regulator comprises an amplification
step 31 of gain Kp, an integration stage 32, and a second
amplification stage of gain Ki associated with the integration
stage 32.

According to the invention, the gains Kp and Ki can have
different values chosen according to whether said predeter-
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4

mined criterion 1s satisfied or not, for example according to
whether the EGR valve 10 has an opening position greater
than 60%.

Thus, 1n this embodiment, 1t 1s not the structure of the
regulator 30 that 1s changed according to the criterion, but
rather the gain(s) used 1n this regulator.

In particular, according to the satisfaction of the predeter-
mined criterion, gains Kp and Ki suited to the EGR valve 10
and to the exhaust shutter 19 are used.

FIG. 4 shows an embodiment of the set value separator 40
in diagrammatic representation.

This comprises two units 45 and 46, which each define a
range of values for which the EGR valve 10 and the shutter 19
are supposed to correctly regulate the air tlow.

In the unit 45, for example, the range 1s defined between
two saturation plateaus MIN and MAX of the valve 10.

More precisely, according to the same figure, 1t can be seen
that the separator comprises a subtracter unit 47, which sub-
tracts from the signal reg_ctrl delivered by the regulator 30 a
value supplied by the means 50.

This value defines at least an upper limait of at least one of
the atoresaid ranges, 1n the case according to the figure the
range of the unit 45.

The difference obtained at the output of the subtracter unit
4’7 1s then 1njected nto the unit 46.

Such an implementation allows the signal 41 or 42 to be
delivered according to the value of the control signal reg_ctrl
as a function of the aforesaid ranges.

By way of non-limiting example, let us assume that the
value supplied by the means 50 1s equal to 100.

Let us further assume that the value of the signal reg_ctrl s
equal to 80, therefore less than MAX.

In this case, the value of this signal 1s within the range of the
unit 45.

Furthermore, this value 80 subtracted from the value 100
by the umt 47 gives -20.

This value 80 1s therefore contained within the range of the
unit 46, but, being negative, it 1s felt that i1t 1s not bound to
impact upon the exhaust shutter position.

Let us now assume that value of the signal reg_ ctrl 1s equal
to 110.

In this case, 1t 1s no longer contained within the range of the
umt 45, so that the signal reg_ctrl no longer corresponds to the
signal 41.

Moreover, at the output of the unit 47, the value 10 1s
obtained, which 1s this time positive and 1s within the range of
the unit 46.

Hence, 1t 1s now the signal 42 which corresponds to the
signal reg_ctrl.

And the regulation of the air flow 1s then provided by the
exhaust shutter 19, and no longer by the EGR valve 10.

In particular, 1n order to continue to increase the air tlow,
the regulator will deliver the signal 42 such as to close the
exhaust shutter a little more.

At the same time, the EFGR valve 10 will maintain the
position which 1t had at the point of departure from the range
of the unit 45.

In other words, 1t will remain 1n a state regarded as satu-
rated.

Referring now to FIG. 5, a non-limiting example of a
complete regulating structure according to the invention has
been represented.

In this figure can be found, 1n particular, the regulator 30
and the units 45, 46 and 47.

It can also be seen how the value 1s established which
serves 1n particular to define said upper limit of the range of
the unit 43.
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In fact, according to a preferred aspect of the invention, a
mapper 60 1in terms of engine speed 61 and tuel flow 62 of the
position of the EGR valve 10 1s used.

This mapper 60 additionally serves indirectly to choose the
appropriate gains Kp and Ki.

More precisely, an output of the mapper 60 1s compared to
a measurement meas_pos_EGR of the position of the EGR
valve 10.

To this end, from, a standard hysteresis diagram 65 can be
constructed for example, two constants C1 and C2 and from
the output of the mapper 60, to which diagram the measure-
ment meas_pos_EGR 1s compared.

The result of this comparison allows an appropriate set of
values to be activated for the gains K1 and Kp.

Such a selection 1s realized 1n a unit 66.

This recerves at the input said result, as well as at least one
set of values for the gains Ki and Kp of the valve 10 and of the
shutter 19.

It additionally delivers a signal which acts upon the regu-
lator 30.

For example, this signal operates an update of the gains Kp
and Ki 1n stages 31 and 33.

Thus, 11 the above-given example 1s considered, when the
measurement meas_pos_EGR shows that the opening of the
valve 10 1s less than 60%, a value supplied by the mapper 60,
the unit 65 sends the unit 66 a signal which leads 1t to select a
set of parameters appropriate for controlling the valve 10.

Conversely, when the measurement meas_pos_EGR
shows that the opeming of the valve 10 1s greater than 60%, the
unit 65 sends the unit 66 a signal which leads it to select a set
ol parameters appropriate for controlling the shutter 19, and
no longer for controlling the valve 10.

As fturther 1llustrated in FIG. 5, the set value of the air flow,
which 1s mputted to the structure and 1s compared to the
measurement of the air flow, has a value which 1s read off
from a mapper 70 of engine speed 61 and fuel flow 62.

Moreover, the units 71, 72 and 73 define constants C3, C4
and CS, which themselves define a bottom limit of the range
of the units 45 and 46 and a top limit of the range of the unit
46.

It will here be noted that in FIG. 5, the units on a white
background have been defined during a calibration, for
example a calibration of the engine on a roller-type test stand.

Of course, the mvention 1s by no means limited to the
embodiment presented above.

In particular, the predetermined parameter of the engine
which 1s regulated can correspond to the rate of recirculation
of the exhaust gases.

In this regard, the regulating structure no longer admaits at
the mput a measurement and an air flow set value, but an
estimate and a recirculation rate set value.

In order to obtain said estimate, various solutions will be
able to be envisaged.

A first solution consists in using a temperature sensor for
fresh air which 1s not yet mixed with the recirculated gases
emanating from the low-pressure recirculating loop.

In addition, use 1s made of a temperature sensor for the
recirculated gases just prior to the mixture, and a temperature
sensor for the mixture after the low-pressure recirculating
loop.
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A second solution consists 1n using a temperature sensor
for the mixture present 1n a plenum chamber of the engine
with a pressure sensor for this mixture.

In addition, a sensor-based measurement or an estimate of
the air flow 1s used, according to choice.

The person skilled 1n the art will appreciate that other
variants of the invention also exist.

In particular, consideration may also be given to the regu-
lation of the air flow and/or of the rate of recirculation being
firstly realized with the exhaust shutter 19, and then with the
EGR valve 10, when the predetermined criterion relating to
the shutter, this time, 1s no longer satisfied.

The mvention claimed 1s:

1. A method for controlling an engine including an exhaust
gas recirculation loop of low-pressure type, comprising:

regulating a predetermined working parameter of the

engine by controlling a position of an exhaust gas recir-
culation valve disposed 1n the loop 11 a measurement of
a predetermined variable of the valve satisfies a prede-
termined criterion; and

controlling a position of an exhaust shutter disposed out-

side the loop i1f the measurement fails to satisiy the
criterion.

2. The control method as claimed 1n claim 1, wherein the
predetermined working parameter 1s an exhaust gas recircu-
lation rate.

3. The control method as claimed 1n claim 1, wherein the
predetermined working parameter 1s an air flow intended to
be mixed with the recirculated gas.

4. The control method as claimed 1n claim 1, wherein the
position of the shutter and of the valve 1s determined by a
single regulator, an amplification gain of which 1s automati-
cally chosen as a function of the result linked to the criterion.

5. The control method as claimed 1n claim 1, wherein the
predetermined variable 1s a position of the valve, and wherein
satisfaction of the criterion includes determining whether the
position 1s less than an estimated threshold value.

6. The control method as claimed 1n claim 5, wherein the
threshold value 1s estimated from an engine speed and fuel
flow mapper.

7. An engine comprising:

an exhaust gas recirculation loop of low-pressure type;

means for regulating a predetermined working parameter

of the engine;

means for controlling a position of an exhaust gas recircu-

lation valve disposed within the loop and a position of an
exhaust shutter disposed outside the loop; and

means for measuring a predetermined variable of the valve,

wherein the means for regulating acts upon the means for

controlling the position of the valve 11 the measurement
of the vaniable relating thereto satisfies a predetermined
criterion, and upon the means for controlling the posi-
tion of the shutter 1f the measurement fails to meet the
criterion.

8. The engine as claimed 1n claim 7, wherein the predeter-
mined working parameter 1s an exhaust gas recirculation rate.

9. The engine as claimed 1n claim 7, wherein the predeter-
mined working parameter 1s an air flow intended to be mixed
with the recirculated gas.

10. The engine as claimed in claim 7, wherein the means
for regulating comprises a single regulator, an amplification
gain of which 1s automatically selected as a function of the
result linked to the criterion.
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